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HORN SPEAKER 
This is a Division, of application Ser. No. 432,879, 
filed Jan. 14, 1974 now U.S. Pat. No. 3,972,385. 


BACKGROUND OF THE INVENTION 


Тһе auditory response of the listener to the sounds 
reproduced in the room is greatly influenced by the 
diffusion of sound waves emerging from the speaker. At 
high acoustic frequencies, therefore, there is a need to 
use a speaker having wide directional characteristics. 

Conventionally, horn-type speakers have chiefly 
been used as high- and mid-frequency speakers. How- 
ever, horn speakers have the drawback of being low in 
directivity inasmuch as the sound wave is radiated from 
the horn mouth as a plane wave. Furthermore, low-fre- 
quency reproduction with a horn speaker needs a 
greater horn length, entailing the drawback that the 
speaker becomes larger in its entirety. 

To eliminate these drawbacks, various means have 
heretofore been employed. For example, a multicellular 
horn is known which comprises a multiplicity of horns 
of the same type so arranged as to form a part of spheri- 
cal surface with the mouth of the horn. Also known is 
a sectoral horn having flaring side walls and upper and 
lower walls vertically caved in toward the principal 
axis of the horn to abruptly constrict the sound passage 
to elevate the sound pressure and to increase the me- 
dium density at the constricted portion, thereby increas- 
ing the phase velocity of sound wave, such that the 
sound waves will be radiated and spread out from the 
horn mouth in the form of a sector. Attempts have also 
been made to use materials to disperse sound waves or 
acoustical lenses. 

Although the above-mentioned multi-cellular horn 
achieves a remarkable improvement in directional char- 
acteristics, it is disadvantageous in being complex in 
construction, expensive and large-sized. Further with 
the sectoral horn which is relatively inexpensive and 
has improved directional characteristics, it is difficult to 
effect reproduction at low frequencies without adverse 
effect. In fact, an attempt to overcome this difficulty has 
entailed the drawback that the horn becomes large. 
Furthermore, acoustical lenses and the like are not only 
expensive but also large and necessitate an increased 
space. 

Thus none of the conventional horn speakers аге 
satisfactory to fulfill all the requirements in respect of 
directional characteristics, low impedance characteris- 
tics, compactness and cost. 


SUMMARY OF THE INVENTION 


Тһе present invention provides an inexpensive horn 
speaker free from the conventional drawbacks de- 
scribed and comprising the combination of a horn hav- 
ing different axial lengths, the horn speaker thereby 
being rendered highly directional over a wide range 
including high frequencies and relatively short in the 
overall length of the combined horns and having im- 
proved characteristics also at low frequencies. 

The horn speaker of this invention comprises a dia- 
phragm and side walls forming a sound passage for 
radiating sound waves emitted from the diaphragm, the 
sound passage having a substantially straight principal 
horn axis and a generally planar mouth surface posi- 
tioned substantially in parallel to the inlet face of the 
horn, the area of the sound passage in section taken 
along a plane perpendicular to the principal horn axis 
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increasing continuously at a substantially constant rate 
of area expansion from a throat to the plane of the 
mouth in the direction of the principal horn axis, the 
horn speaker being characterized in that at least one 
side wall has an inner surface curved along the principal 
horn axis to give the relationship represented by the 
equation: 


1= f + Мо + Ју + У 


wherein ] is the length of a passage for propagating 
sound waves from the diaphragm to a point at a distance 
of y from the intersection of the principal horn axis with 
the mouth plane, the point being positioned on at least 
one first straight directional line contained in the mouth 
plane and passing through the intersection, /o is the 
length of the principal horn axis and fis a virtual focal 
distance. | 

With the relationship of the above equation thus 
given, the length / of the passage for propagating a 
sound wave from the diaphragm to a point at a distance 
of y from the intersection of the principal horn axis with 
the mouth plane is greater than the length /o of the 
principal axis, so that the apparent velocity of sound 
wave as propagated along the length / is lower than the 
velocity of sound wave propagated along the passage 
length lo. Consequently, the sound waves radiated from 
the mouth plane are refracted in a direction where the 
velocity is lower and are radiated and spread out in the 
form of an envelope centered about the virtual focal 
point, hence a wide range of directivity. | 

Further since the sound waves travel through pas- 
sages of different lengths to emerge from the mouth 
plane, the impedance characteristics of the component 
horns are displaced from each other with respect to the 
frequency axis, whereby the valleys and peaks in the 
characteristics of the horns offset each other to give 
overall smooth characteristics and to thereby assure 
low-frequency reproduction without objections. It is 
therefore possible to provide a horn speaker which is 
lower, relative to its compactness, in threshold fre- 
quency for reproduction at low frequencies. 

An object of this invention is to provide an inexpen- 
sive horn speaker which is relatively short in the overall 
length of horn and which nevertheless has wide direc- 
tional characteristics and improved properties at low 
frequencies as well. 

Another object of this invention is to provide a horn 
speaker which is simplified to the greatest possible ex- 
tent in its interior construction so as to make the speaker 
easy and inexpensive to manufacture. 

Still another object of this invention is to provide a 
horn speaker which is adapted to prevent, within the 
directional angle of sound wave, marked attenuation of 
sound pressure at a specific frequency so as to impart 
flat frequency characteristics to the speaker. 

Other objects and advantages of this invention will 
become apparent from the following description. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1 is a view illustrating the principle of the horn 
speaker according to this invention; 

FIG. 2 is a diagram showing the impedance charac- 
teristics of the horn speaker; 

FIG. 3 is a view illustrating the radiation of sound 
waves; 
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FIG. 4 is a perspective view partly broken away and 
showing an embodiment of the horn speaker according 
to this invention; 

FIG. 5 is a perspective view partly broken away and 
showing another embodiment of the horn speaker ac- 
cording to this invention; Р 

FIGS. 6 and 7 аге diagrams showing the directional 
characteristics curves and frequency characteristics of 
the horn speakers illustrated in FIGS. 4 and 5; 

FIG. 8 is a perspective view partly broken away and 
Showing another embodiment of the horn speaker ac- 
cording to this invention; 

FIGS. 8(a), 8(b) and 8(c) are a front elevation, а top 
plan view and a side elevation, respectively of the 
speaker shown in FIG. 8. 

FIGS. 9(a), 9(b) and 9(c ) are sections on the lines 
А--А, В—В and С—С, respectively, of FIG. 8. 

FIGS. 10(a), 10(5) and 10(c) are sections on the lines 
А!—А!, В!—В! and С!—С!, respectively, of FIG. 8. 

FIGS. 11 and 12 are diagrams showing the direc- 
tional characteristics curves and frequency characteris- 
tics of the horn speaker illustrated in in FIG. 8; 

FIG. 13 is a perspective view showing another em- 
bodiment of the horn speaker according to this inven- 
tion; 

FIG. 14 is a perspective view partly broken away and 
showing the horn speaker of FIG. 13; 

FIGS. 15(а), 15(5), 15(c) and 16(a), 16(5), 16(c) are 
longitudinal sectional views showing the horn speaker 
of FIG. 13 and containing the principal horn axis 
thereof and views showing a quarter of the same in 
cross section in parallel to the mouth plane thereof; 

FIGS. 17(a), 17(b), 17(c) and 18 are diagrams show- 
ing the frequency characteristics of the horn speaker of 
FIG. 13 and a diagram showing the relationship be- 
tween the difference in passage length and sound pres- 
sure level relating to the same speaker; 

FIG. 19 is a view in longitudinal section showing 
another embodiment of the horn speaker according to 
this invention; 

FIG. 20 is a perspective view partly broken away and 
showing a partition wall used in the horn speaker of 
FIG. 19; and 

FIGS. 21, 22 and 23 are a diagram showing the fre- 
quency characteristics of the horn speaker of FIG. 19, а 
diagram showing the distribution of sound wave phases 
in the horn mouth plane of the same and a diagram 
showing the relationship between phase difference and 
sound pressure level relating to the same speaker. 


DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 


With reference to FIG. 1, the principle of the horn 
Speaker according to the present invention will be de- 
scribed. Within the sound passage of a horn, two parti- 
tion walls 4 and 4 extending from a throat 5 to a mouth 
are arranged symmetrically with respect to the straight 
principal axis of the horn to divide the horn into three 
sound passages 1, 2 and 2, the two sound passages 2 and 
2 have the same length. One diaphragm is positioned 
close to the throat 5 and the surface of the mouth is 
generally planar. The plane of the mouth is substantially 
in parallel to the inlet face of the horn. The divided 
sound passages 1, 2 and 2 are substantially equal to each 
other in the rate of area expansion, such that the areas of 
the divided sound passages 1, 2 and 2 in section taken 
along a plane perpendicular to the principal axis of the 
horn continuously increase at nearly equal rates to each 
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4 
other from the throat 5 to the mouth plane in the direc- 
tion of the principal axis. 

The partition walls 4 and 4 are formed with bulging 
portions 3 and 3 on their outer sides. The outer surfaces 
of the partition walls 4 and 4 are therefore curved along 
the principal axis of the horn. Positioned outwardly of 
the partition walls 4 and 4 are side walls 6 and 6 whose 
inner surfaces are likewise curved along the principal 
horn axis, with the result that the divided sound pas- 
sages 2 and 2 are curved and are greater in length than 
the principal axis of horn included in the sound passage 
1 of the divided horn. 

Sound waves projected into the horn from the throat 
5 are dividedly propagated through the divided sound 
passages 1, 2 and 2 and then radiated from the mouth 
plane. Since the divided sound passages 2 and 2 have a 
greater length than the divided sound passage 1, the 
propagation time taken for the sound wave to travel 
from the throat 5 to the mouth plane through the sound 
passages 2 and 2 is longer than the propagation time 
required for the sound wave to pass through the sound 
passage 1, so that the apparent propagation velocity is 
lower in the former case. 

Accordingly, the apparent propagation velocity of 
sound wave at the mouth plane differs in accordance 
with the partition from which the sound wave is radi- 
ated. Thus the sound wave will be refracted toward the 
direction where the sound wave velocity is lower. The 
index of re-fraction at this time is given by Equation (a): 

п = Co/C = № (а) 
where Co is the velocity of sound wave propagated 
through the sound passage 1, C is the apparent velocity 
of sound wave propagated through the sound passage 2, 
lo is the effective length of the sound passage 1 and / is 
the effective length of the sound passage 2. 

Thus the sound wave is refracted at the index of 
refraction л given by Equation (а) toward the direction 
of straight directional line. Consequently, the sound 
waves are radiated from the mouth plane in spreading 
fashion, whereby wide directional characteristics are 
available. 

The refraction due to the difference in the length of 
passages is represented by Equation (b): 


(и — De + 25n—1) - 20 (9 
where п is the index of refraction, x is the length of 
centerline of the sound passage 1, f is a virtual focal 
distance of curved waves radiated from the mouth 
plane, y is the distance between the central axis of the 
sound passage 1 and the central axis of the sound pas- 
sage 2 in the mouth plane. 

From Equation (2) and Equation (5), 


l= f+ VG y 


Since x = lo, | | 

1= f+ VOTH ЕУ 

Accordingly, if the virtual focal distance fis given as 
desired, / will be determined by the value of y. 

The effect of the present invention derived from the 
planar mouth surface of the horn will be described. 
Generally, if a horn of a short length is used to compact 
the horn speaker, the impedance characteristics exhibit 
peaks and valleys at low frequencies as indicated at 21 in 
FIG. 2 to impair the sound quality. 


(с) 
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However, with the horn speaker of this invention, the 
sound passage 2 has a greater length than the sound 
passage 1, with the result that the impedance character- 
istics (indicated at 22 in FIG. 2) of the sound passage 2 
and the impedance characteristics (indicated at 21 in 
FIG. 2) are displaced from each other with respect to 
the frequency axis. Thus the characteristics of the sound 
passage 1 and the characteristics of the sound passage 2 
are combined to give smooth overall characteristics 
(indicated at 23 in FIG. 2), with the peaks and valleys of 
the former offsetting those of the other. A horn speaker 
is therefore available which is adapted for sound repro- 
duction at low frequencies without objections and 
which is low in the threshold frequency for low-fre- 
quency reproduction in spite of its compactness. 

Next the number of divided sound passages will be 
described in relation to the directional characteristics 
and impedance characteristics. The relation between 
the angle of refraction 0 and the index of refraction п is 
given by: п = 1/созд. It therefore follows from Equa- 
tion (a) that сове = 10/1. 

Thus the cosine of the angle of refraction 0 is deter- 
mined by the ratio of lo to 1. The smaller the /0//, namely 
the greater the 1, the larger will be the angle of refrac- 
tion in the divided passage 2, giving wider directivity. 
However, if the number of divided passages is small, 
there occurs a valley in the directional characteristics 
curve and, even within the directional angle, a low 
sound pressure will result. Further to utilize the peaks 
and valleys in the impedance characteristics at low 
frequencies effectively, the peak in the characteristics of 
the divided sound passage 2 must be superposed on the 
valley in the characteristics of the divided sound pas- 


sage, and vice versa, so that the ratio between / and lo 3 


need be selected suitably, hence the angle of refraction 
0 is limited. 

Accordingly, it may be considered to divide the 
sound passage into a greater number. FIG. 3 shows a 
sound passage divided into seven divisions. Suppose the 
divided sound passages 31, 32, 32, 33, 33, 34 and 34 have 
effective lengths of Jy l3» 13 and 54. The divided sound 
passage 31 and divided sound passage 32 gives an angle 
of refraction 04,, with which cos04, = /3;/l32. In respect 
of the angle of refraction 03, given by the divided sound 
passages 31 and 33, сов0;; = 1/1. In the case of the 
angle of refraction Өз; given by the divided sound pas- 
sages 31 and 34, совбҙҙ = 11/1, The size and direction 
of the sound waves emerging from the divided sound 
passages are indicated by the arrows in the figure. The 
Shape of the sound waves is represented by an envelope 
obtained by connecting the tips of the arrows together 
and centered about a virtual focal point F. It therefore 
follows that the greater the number of divided sound 
passages, the more closely the waveshape resembles a 
smooth curve. 

The impedance characteristics of this horn speaker 
will be described. The impedance characteristics of the 
divided sound passage 31 are deviated from the charac- 
teristics of the divided sound passage 32. Similarly, the 
characteristics of the divided sound passage 32 are devi- 
ated from those of the divided sound passage 33, the 
characteristics of the divided sound passage 33 from 
those of the divided sound passage 34, respectively. 
Consequently, the four characteristics offset each other 
to result in overall characteristics which are smoother 
than those of FIG. 2 to assure more satisfactory repro- 
duction at low frequencies. 
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- When the horn is divided into an increased number of 
sound passages as above, a correspondingly increased 
number of partition walls are necessary. This increases 
the cost but the product obtained is satisfactory in direc- 
tional properties and frequency characteristics. 

Next, embodiments of this invention will be de- 
scribed. The horn speaker shown in FIG. 4 has three 
sound passages 41, 42 and 43 divided by two partition 
walls 44 and 44 extending through the horn in the direc- 
tion of principal axis thereof. The horn has a rectangu- 
lar mouth and a first straight directional line coinciding 
with the longitudinal central axis of the rectangular. 
The partition walls 44 and 44 are formed with bulging 
portions 43 and 43. The inner surfaces of the side walls 
46 and 46 include first portions 46a and 46a which are 
positioned toward the direction of the first directional 
line and curved along the principal horn axis, such that 
the relation of Equation (c) will be established on the 
first directional straight line. 

Тһе number of the partition walls need not necessar- 
ily be two but may be any even number to form an odd 
number of divided sound passages symmetrically with 
respect to the principal horn axis in the direction of the 
first direction straight line. 

FIG. 6 shows the values of directional characteristics 
of horn speakers as actually measured, wherein indi- 
cated at 62 are the directional characteristics of a con- 
ventional horn speaker having no partition walls, whilst 
indicated at 61 are the directional characteristics of a 
horn speaker having the construction of FIG. 4. Com- 
parison between these two characteristics 61 and 62 
indicates that the horn speaker of the present invention 
has greatly improved directional characteristics. 

FIG. 7 shows the actually measured values of fre- 
quency characteristics, wherein those of a conventional 
horn speaker with an undivided horn are indicated at 72 
and those of a horn speaker having the construction of 
FIG. 4 are designated at 71. Comparison between the 
two reveals that the first peak of the curve 71 is posi- 
tioned at a lower frequency than the curve 72, this 
showing a lower threshold frequency for low-fre- 
quency reproduction. 

While the horn speaker shown in FIG. 4 has a rectan- 
gular mouth, with the straight directional line oriented 
only in one direction, FIG. 5 shows another embodi- 
ment wherein the directional line is oriented in every 
direction. More specifically, the horn speaker of FIG. 5 
includes one cylindrical partition wall 54 having a cen- 
tral axis substantially in coincidence with the principal 
axis of the horn and dividing its sound passage into two 
divisions 51 and 52. The mouth of the horn is circular 
and every diametrical direction of the mouth plane 
substantially coincides with the straight directional line 
described above. Further when seen in cross section in 
parallel to the mouth plane, the first divided sound 
passage 51 including the principal horn axis has a gener- 
ally circular shape, whilst the second divided sound 
passage 52 surrounding the first divided sound passage 
51 has an annular shape. Although the embodiment of 
FIG. 5 has one partition wall 54 which includes a thick- 
ened portion 53 intermediate its ends, a plurality of 
partition walls may of course be provided whether in an 
even or odd number. The thickened portion 53 of the 
partition wali 54 extends only radially outward, the 
inwardly facing surface of the partion wall 54 does not 
exhibit any bulge. Thus, the sound passage 52 is longer 
than the sound passage 51. 
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Sound waves travelling dividedly through the sound 
passages 51 and 52 are refracted and diffused at the 
mouth plane and radiated therefrom as spherical waves 
due to the difference in apparent velocity between 
sound waves passing through the sound passages 51 and 
52 


As already described, the horn speaker according to 
this invention has remarkably improved directional 
characteristics and is. lowered in threshold frequency 
for low-frequency reproduction and can therefore be 
made compact. With the planar mouth surface, the 
speaker is easy to mount in a speaker box and saves the 
space for installation. 

Тһе horn speakers as shown in FIGS. 4 and 5 are thus 
adapted for improved directional characteristics by 
dividing the sound passage with partition walls. Conse- 
quently, where a small number of partition walls are 
used, the frequency characteristics obtained have the 
drawback that the sound pressure will be markedly 
attenuated at a specific frequency. More specifically, if 
a small number of partition walls are used, there arises a 
need to increase the difference between the lengths of 
divided passages to widen the directivity, such that the 
difference in length between the passages changes 
greatly stepwise. As a result, depending on the wave- 
length, a sound wave from one divided sound passage 
will offset, by means of the difference in passage length 
at the mouth plane, a sound wave from another passage 
with a reverse phase, causing abrupt attenuation of 
sound pressure. 

The attenuation of sound pressure at a specified fre- 
quency may be remedied by increasing the number of 
partition walls to reduce the difference in the length per 
passage and to thereby eliminate a sound wave of re- 
verse phase, but this makes the speaker complex in 
construction and cumbersome to assemble and require a 
greater number of parts, resulting in a cost increase. 

FIGS. 8 through 13 show embodiments intended to 
overcome these drawbacks. The horn speaker shown in 
FIG. 8, an improvement of the embodiment shown in 
FIG. 4, employs a single partition wall so designed that 
the effective length of passage is varied continuously 
with the interior shape of the horn defined by its side 
walls. 

FIG. 9 shows the horn speaker of FIG. 8 in longitudi- 
nal sections taken along the lines extending in the axial 
direction and dividing the distance between the princi- 
pal axis of the horn and its side wall in definite propor- 
tions. The section along the arrow A is close to the 
principal axis, the section along the arrow B shows an 
intermediate portion and the section along the arrow C 
is proximate to the side wall. 

Put in greater detail, the section (а) in FIG. 9 taken 
along the arrow A shows a sound passage defined by 
upper and lower walls 91 and 92. The upper wall 91 has 
a double inwardly extending convex curvature as indi- 
cated in the perspective view of FIG. 8. The convex 
inward curve in one plane is illustrated in FIGS. (а), 
(8) and (с) and the inwardly extending convex curve in 
the other plane at right angles thereto is illustrated in 
FIGS. 10(а), (6) and (c). The maximum curvature in the 
second plane occurs nearest the throat of the horn 
whereas the curvature in the other plane as illustrated in 
FIGS. 9(а), (6) and (с) is substantially. uniform from the 
throat to the mouth. An effective centerline 93a extend- 
ing midway between the upper and lower walls 91 and 
92 is a gently curved line resembling a straight line. The 
section (5) of FIG. 9 taken along the arrow В shows the 


8 
sound passage curved by the upper and lower walls 91 
and 92, so that the effective centerline 936 is much more 
curved than the effective centerline 93a shown in FIG. 
(а). The length of effective centerline (935), namely 


. the effective length of the passage, is therefore greater 


than that of FIG. 9(0). FIG. 9(c), the section along the 
arrow С; shows the upper and lower walls 91 and 92 as 


. curved to a still greater extent to. provide a passage 
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having further greater effective length. Thus, respec- 
tive portions of the sound passage, as illustrated respec- 
tively in FIGS. 9(a)-9(c), define respective -virtual 
sound passages of different lengths. Stated differently, 
portions of a single sound passage cause some sound to 
travel a greater distance than sound travels in other 
portions. | 

The views in FIG. 10 are in cross section taken along 
the lines А’, В’, and C' in FIG. 8. FIG. 10(а), a section 
А’ relatively close to the mouth plane, shows the sound 
passage defined by the right and left side walls 94 and 95 
and upper and lower walls 91 and 92, the passage being 
symmetrical on the right and left. FIG. 10(5) shows а 
section B' at the approximate midportion of the princi- 
pal horn axis where the upper and lower walls 91 and 92 
are maximum in curvature. FIG. 10(c) shows a section 
C' proximate to the throat where the upper and lower 
walls 91 and 92 are reduced in curvature. 

To sum up, the curvature (orthogonal to the principal 
horn axis) of the upper and lower walls 91 and 92 which 
are straight at the mouth progressively increases to a 
maximum at the approximate midportion of the princi- 
pal horn axis (as shown in FIG. 10(c)) and then reduces 
toward the throat, where the walls 91, 92 again become . 
straight in section. M : 

In other words, the side walls include the first por- 
tions 94 and 95 which are oriented in the direction of the 
aforesaid first straight directional line and curved along 
the principal horn axis, the side walls also including the 
second portions 91 and 92 which are oriented in the 
direction of a second straight directional line contained 
in the mouth plane and intersecting the first straight 
directional line at right: angles. The second portions 
further are curved along the principal horn axis and 
along the first straight directional line as well. Briefly, 
the second side wall portions 91 and 92 are curved so 
that as the distance between a point within the mouth 
plane and the aforementioned intersection increases, the 
length of a passage for propagating a sound wave from 
the diaphragm to the mouth plane will also increase. 

It will be apparent from the above that with the horn 
speaker shown in FIG. 8, the shape of the sound passage 
is ingeniously altered to thereby vary the effective 
length of sound passage. In fact, the horn speaker 
achieves the same effect as is produced by dividing the 
sound passage into an infinite number of divisions and 
exhibits satisfactory directional characteristics and fre- 
quency characteristics. 

FIG. 11 shows the actually measured values of direc- 
tional characteristics of this speaker as indicated at 111, 
whilst designated at 112 therein is a curve representing 
the directional characteristics of a conventional horn 
speaker. Further FIG. 12 shows frequency characteris- 
tics of this speaker as indicated at 121, wherein those of 
a conventional speaker are designated at 122. 

FIG. 13 shows an improvement of the horn speaker 
of FIG. 5. According to this improved embodiment, the 
sound passage is divided into divisions 134, 135 and 136 
by two cylindrical partition walls 131 and 132 having a 
central axis substantially in coincidence with the princi- 
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pal horn axis. Аз seen in FIG. 14, the partition walls 131 
and 132 are formed with bulging portions continuously 
varying in thickness in the direction of the principal 
horn axis and also in the circumferential direction. 

With reference to FIG. 15 showing the horn speaker 
of FIG. 13 in longitudinal section containing the princi- 
pal horn axis, FIG. 15(а) a section A—O—O’—A’ of 
FIG. 13, FIG. 15(0) is a section B—O—O’—B’ of the 
same and FIG. 15(c) is a section C—O—0O'—O' of the 
same. 

Although the first sound passage 134 is uniform in 
any of the sections 134a, 1345 and 134c, the annular 
second divided sound passage 135 positioned around 
the first sound passage 134 has varying lengths as at 
135a, 135b and 135c, namely a minimum at 135a which 
progressively increases toward 1350 and reaches a max- 
imum at 135c. Further the other second vidided sound 
passage 136 has a maximum length at 136a, which pro- 
gressively reduces toward 136b and decreases to a mini- 
mum at 136c. Although these divided sound passages 
are distorted, their sectional areas of course change at a 
constant rate from the throat to the plane of mouth 
along the principal horn axis. 

FIG. 16 shows quartered cross sections in parallel to 
the mouth plane. FIG. 16(a) is a section relatively close 
to the mouth plane, FIG. 16(0) is that of midportion and 
FIG. 16(c) is that relatively close to the throat. 

It will be apparent from FIG. 16 that when seen in 
cross section in parallel to the mouth plane, the first 
divided sound passage 134 is generally circular, 
whereas the annular second sound passages 135 and 136 
are wavy and undulating. The waveshapes of both the 
second divided sound passages 135 and 136 need not 
necessarily be uniform in period and in the levels of 
ridges and furrows, but the point where the sound pas- 
sage 135 has a maximum length and the point where the 
sound passage 136 has a minimum length are positioned 
on the same radial line. 

With reference to FIG. 16(a), for example, the ridge 
of the sound passage 135а" and the furrow of the sound 
passage 136a' are positioned on the line O"—O" passing 
through the center. The difference in length between 
the sound passage 134 and sound passage 135 is mini- 
mum on the line O"—0O" and increases circumferen- 
tially toward the line O"—O" or O"—F", where it is 
maximum. Further in the circumferential direction, the 
difference reduces progressively. Likewise, the differ- 
ence in length between the sound passage 135 and the 
sound passage 136 is minimum on the line O"—0O" or 
O"—F" and maximum on the line O"—A" or O"—D". 
Between these lines, the difference varies continuously. 
If the sound passages 134 and 135 are made as equal as 
possible in length on the line О”--А2, the difference in 
passage length can be varied continuously from zero. 
Similarly, if the sound passages 135 and 136 are made as 
equal as possible on the line O"—O" or O"—F, the 
difference in passage length can be varied continuously 
from zero. 

As already described, the wavy undulation of the 
sound passage in the circumferential direction need not 
be periodically regular but may alter from place to 
place circumferentially. Furthermore the ridge and 
furrow levels need not be constant. However, the posi- 
tion where one sound passage has a maximum length 
must radially coincides with the position where the 
adjacent sound passage has a minimum length. The 
period of wavelike undulation way preferably be short 
to obtain effective results. Moreover, the greater the 
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number of partition walls, the better will be the result- 


ing directional characteristics and frequency character- 


istics. 

As already described, the two second divided sound 
passages 135 and 136 are wavy and undulating, with the 
difference in passage length varying continuously with 
the circumferential deviation of the first divided sound 
passage 134, with the result that the phase deviation 
resulting from the difference in passage length will be 
distributed continuously, starting with zero. The factor 
leading to reversion of phase is little, if any, (i.e. at F in 
FIG. 18). Since the overall sound level is given in terms 
of integrated value of the curve, attenuation of sound 
pressure hardly takes place. 

With reference to FIG. 17 showing frequency char- 
acteristics, those of the horn speaker of FIG. 13 are 
indicated in solid lines, while indicated in dot lines are 
the characteristics of a speaker having the same number 
of divided passages but the partition walls are not pro- 
vided with undulations. 

The frequency characteristics in FIG. 17(a) are deter- 
mined at a directional angle of zero, FIG. 17(b) showing 
those at a point deviated by 30° from the center and 
FIG. 17(с) those at a point with deviation of 45°. Com- 
parison between the two indicates that the attenuation 
of sound pressure is eliminated at around 7,000 Hz, 
13,000 Hz and 17,000 to give flat frequency characteris- 
tics. 

With the horn speaker illustrated in FIG. 13, the 
attenuation of sound pressure can be eliminated, and a 
greater effect will be achieved with the increase in the 
number of annular second divided sound passages. 
However, the making of the wavy partition walls re- 
quired is no easy job and may entail a cost increase. This 
has been overcome with the embodiment shown in 
FIG. 19 in which a cylindrical partition wall that can be 
produced more easily is used to achieve the same effec- 
tiveness as will be attained by the horn speaker illus- 
trated in FIG. 13. 

With reference to FIG. 19, the sound passage is di- 
vided into three divisions 191, 192 and 193 by two cylin- 
drical partition walls 194 and 195 having a central axis 
coinciding with the principal horn axis. When seen in 
cross section in parallel to the plane of mouth, the first 
divided sound passage 191 including the principal horn 
axis is generally circular and the second divided sound 
passages 192 and 193 are annular. The partition wall 195 
is formed with a plurality of penetrating bores 197 at 
desired positions along a circumference centered about 
the principal horn axis. 

Accordingly, the sound wave travelling through the 
outer second divided sound passage 193 partly enters 
the second divided sound passage 192 through the bores 
197, whereupon the wave joins with the sound wave 
travelling through the inner second divided sound pas- 
sage 193. At this time, the sound wave travelling inward 
from the outer second divided sound passage 193 
through the bore 197 has passed a greater distance than 
the sound wave which has reached the bore 197 
through the inner second divided sound passage 192 and 
is therefore delayed in phase. As a result, the phase of 
the sound wave combined from those travelling 
through the second divided sound passages 192 and 193 
lags behind the phase of sound wave in the inner second 
divided sound passage 192 but is ahead of the phase of 
sound wave travelling through the outer second di- 
vided sound passage 193. Thus within the inner sound 
passage 192, the phase of sound wave travelling 
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through the position of the bore 197 lags behind the 
phase of sound wave travelling through a position 
where the bore 197 is not formed. 

In the plane of the mouth, the sound waves exhibit а 
phase distribution as illustrated in FIG. 22. The phase 
191' of the sound wave from the first divided sound 
passage 191 is uniform along the circumference of the 
horn and is indicated as 0°. The delay of phase involved 
in the inner second divided sound passage 192 due to the 
difference in passage length is designated at $^, and the 
delay of phase of the combined sound wave at the bore 
197, at $^ + $^. Designated at 192’ in FIG. 22 is the 
phase distribution given by the sound waves from the 
inner second sound passage 192 and first sound passage 
191 in the mouth plane at the sound passage 192. 

Put in detail, the sound wave has a phase value of ° 
+ $4" at a point on the mouth plane which point is 
positioned on the same radial line as the bore 197 when 
seen in FIG. 22, whereas the sound wave has a phase 
value of ф° at another point on the mouth plane which 
point is not positioned on the radial line on which the 
bore 197 is located. In effect, the sound wave emerging 
from the bore 197 is diffused as it travels forward 
through the sound passage, with the result that a wavy 
undulating phase is obtained which continuously alters 
between ф° + ф” and p°. The slope of the undulation 
alters with the position and size of the bore 197 and the 
degree of diffusion of the sound wave. 

Indicated at 193' in FIG. 22 is a phase distribution in 
the mouth plane at the outer second divided sound 
passage 193 which is likewise produced by the sound 
wave travelling from the inner second sound passage 
192, through the penetrating bores 197 into the outer 
sound passage 193 and then passing therethrough. 

Thus with the provision of the penetrating bores 197 
in the partition wall 195, it becomes possible to generate 
sound waves continuously varying in phase along a 
circumference within the same divided sound passage 
to give continuous distribution of phase difference, as 
seen in FIG. 23, in which reversion of phase, if any (as 
at F in FIG. 23), will hardly cause attenuation of sound 
pressure as a whole. Despite the easiness of production 
owing to the use of a cylindrical partition wall, the same 
effectiveness is expected as will be attained by the horn 
speaker illustrated in FIG. 13. 

With reference to FIG. 21 showing the frequency 
characteristics as actually measured, the characteristics 
of this speaker is indicated at 211, while designated at 
212 is those of a horn speaker having the same dimen- 
sions but no penetrating bores. Apparently, the drawing 
reveals that the abrupt attenuation of sound pressure at 
about 7,000 Hz has been eliminated, hence flat overall 
characteristics. 
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Although the penetrating bores 197 are formed only 
in the partition wall 194 to achieve similar effects. Fur- 
ther the number of the partition walls may suitably be 
increased, in which case improved directional charac- 
teristics and low-frequency characteristics can of 
course be available. | 

Furthermore, although the position of the planar 

mouth surface has been illustrated and described in the 
foregoing description in its preferred embodiment as 
substantially in parallel to the inlet face of the horn, it 
will be understood that a slight deviation in the position 
of said surface is allowed. 

What we claim is: 

1. A horn speaker for wide angle — distribution 

comprising: 

a horn having a substantially straight principal horn 
axis and a throat and mouth in spaced parallel rela- 
tion connected by two pairs of adjoined opposed 
side walls and a partition joining one pair of said 
side walls at the mid-line thereof said partition 
extending from the plane of said mouth toward and 
spaced from said throat to define a pair of sound 
passages, the inner surfaces of said pair of side walls 
joined by said partition being curved convexly 
inwardly from said throat to said mouth, the other 
pair of said side walls having a double convex in- 
ward curve, said partition increasing in cross sec- 
tion on opposite sides of the principal horn axis 
towards the side walls with which it intersects, said 
crossection being a maximum adjacent its side wall 
intersection substantially midway between said 
throat and said mouth, so that said sound passages 
increase in cross sectional area substantially uni- 
formly from said throat to said mouth in planes 
normal to said principal axis, the inner surfaces of 
said walls and said partition being so shaped that 
the relationship for each sound passage is given by 
the equation: 


1= f + Vo f y 


wherein / is the effective length of a passage for propa- 
gating sound waves from the diaphragm to a point at a 
distance of y from the intersection of the principal horn 
axis with the mouth plane, the point being positioned on 
at least one first straight directional line contained in the 
mouth plane and passing through the intersection, /0 is 
the length of the principal horn axis and / is a virtual 
focal distance: and 
a diaphragm connected to said horn and positioned to 
launch sound waves into said throat towards said 
mouth. 
2. A horn speaker as defined by claim 1 in which said 


mouth is rectangular. 
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